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Editorial

The physics of left ventricular filling: exploring the seemingly
obvious

The assessment of left ventricular diastolic function by
its filling characteristics has proved to be a fascinating, if
elusive, "holy grail". A complex interaction of factors
contributes to the filling velocities at the mitral level
and hence makes clinically meaningful interpretation of
transmitral velocity very difficult.
Two studies that have recently appeared in the British

Heart Journal lend further insight into the complex physi-
ology of transmitral flow. Wang and Gibson added to our
knowledge by identifying nine patients in sinus rhythm
who lacked both a transmitral Doppler A wave and M
mode evidence of mitral annulus motion after the electro-
cardiographic P wave.' These nine and a tenth in DDD
pacing mode made up 02% of the case load of Wang and
Gibson's echocardiography laboratory and thus this is a
rare finding. Furthermore, all of these patients had easily
recognisable heart disease: five had dilated cardiomyopa-
thy, three had left ventricular hypertrophy, and two had
had surgery involving the left atrium. Other conditions in
which left atrial standstill has been reported are amyloido-
SiS2 and recent electrical cardioversion. Interestingly, nine of
the 10 patients in Wang and Gibson's study still had right
atrial mechanical activity.
What are the consequences of these findings? The

prime concern in atrial fibrillation or standstill is throm-
boembolism. However, we have learned that left atrial
thrombus formation most frequently occurs in the
appendage and therefore depends critically on appendage
mechanics. Transesophageal pulsed Doppler assessment
of inflow and outflow velocities in the left atrial appendage
shows mechanical competence even in many patients with
atrial fibrillation; none the less, velocities < 25 cm/s signif-
icantly increase the risk of thromboembolism.3
Unfortunately, we do not know whether there was
mechanical activity in the appendage in these patients, nor
were they investigated for thrombus by transesophageal
echocardiography. The relevance of left atrial mechanical
standstill in sinus rhythm to thrombus formation in these
patients therefore remains uncertain.
Wang and Gibson argue that left atrial standstill might

mimic the "restrictive" transmitral Doppler pattern with
high E and absent A waves found in the presence of very
high end diastolic left ventricular stiffness. Therefore, in
this condition they prefer to use apexcardiography rather
than transmitral Doppler recordings for the diagnosis of
atrial standstill. However, as they discuss, restrictive phys-
iology would be readily detectable by increased retrograde
pulmonary venous flow during atrial contraction. Thus, if
the transmitral Doppler A wave is absent in the presence
of sinus rhythm, a transesophageal echocardiogram is
helpful to search for thrombus, to assess mechanical activ-
ity of the appendage, and to record the pulmonary venous
inflow profile by pulsed Doppler. In the future, a new
imaging method, Doppler tissue imaging, that can directly
measure tissue velocities may aid in the assessment of left
atrial mechanics.

Given the load dependency of transmitral flow indices
of diastolic left ventricular function, recently several inves-

tigators have analysed the hydrodynamics of left ventricular
inflow within the left ventricle by both colour Doppler map-
ping and multigated pulsed Doppler.45 They were able to
show that in the presence of relaxation abnormalities, the
velocity with which inflow reaches the ventricular apex is
decreased; this velocity of flow propagation is different
from, but not unrelated to, the inflow velocity at the mitral
level. At the mitral level both are identical, but flow prop-
agation velocity decreases along its path to the apex,
owing to dissipation of kinetic energy.

Fujimoto et al used this concept in an ingenious study
attempting to calculate two hydrodynamic variables: (a)
early diastolic atrioventricular pressure difference from the
length of the accelerated blood column and blood acceler-
ation, and (b) to measure effective orifice area of the non-
restrictive mitral valve.6 They found that in dilated
cardiomyopathy, the reconstructed early diastolic atri-
oventricular (and intraventricular) pressure drops are
higher and the duration of the inflow "pulse" is shorter
than in healthy controls. Although not stated explicitly,
Fujimoto et al seem to attribute the higher atrioventricular
pressure drop in dilated cardiomyopathy to higher left
atrial pressures rather than to stronger ventricular suction
or "restoring forces", which have been described by direct
pressure recordings from the left ventricle.78 They also
measured the effective orifice size of the transmitral inflow
jet by colour Doppler and by dividing the stroke volume
by the time velocity integral. They found a narrowed
effective orifice area in dilated cardiomyopathy and
explain this as the result of a diminished diastolic increase
in the transverse diameter of the ventricle. In summary,
Fujimoto et al hypothesise that because of left ventricular
diastolic impairment, the hydrodynamics of left ventricu-
lar inflow in dilated cardiomyopathy resemble mitral
stenosis in that a high early pressure drop and a small
effective orifice area are present in comparison with
patients without heart disease.

There are some problems with this method. First,
velocity at the mitral orifice level is not zero, nor is it else-
where in the jet. This is of particular concern in dilated
cardiomyopathy, where velocities presumably are high
owing to increased left atrial pressure at mitral valve open-
ing. If indeed the effective orifice is small in dilated car-
diomyopathy, it is surprising that Fujimoto et al did not
include the convective term of the Bernoulli equation
(4(v,2 -v12)) in their calculations, as is usual when a pres-
sure drop across a restrictive orifice is calculated. A finite
convective acceleration term would even increase the
"reconstructed" pressure drop in dilated cardiomyopathy,
underscoring that the atrioventricular gradient at mitral
valve opening is high in this condition compared with that
in healthy controls. Second, no heart rates are given.
Presumably, patients with dilated cardiomyopathy had
higher heart rates than the controls. A further question
concerns the effects of colour Doppler settings, especially
the wall filter, when mitral inflow diameter is measured by
this method.

Nevertheless, Fujimoto et al's study furnishes insights
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into the physics of left ventricular filling. The finding of a
small effective mitral orifice area despite a large annulus
and ventricle in dilated cardiomyopathy together with rela-
tively high initial atrioventricular gradients accords with
the steep upslope of the transmitral E wave seen in severe
dilated cardiomyopathy.
A correlation between orifice diameter and mass

accelerated at valve opening was demonstrated in an in
vitro study9; it was also shown that a low accelerated mass
and a high initial pressure drop both contribute to a steep E
wave upslope. It is important, though, to remember that
high velocities, and thus, a high atrioventricular pressure
drop, are present only for a very short time in severe
dilated cardiomyopathy; this is in contrast to the situation
in mitral stenosis where a fixed orifice causes prolonged
high velocity inflow. It would be interesting to see if, and by
how much, the initially narrow colour Doppler inflow jet
widens during diastole.

This study encourages us to pay attention to diastolic
function in diseases in general viewed as diseases of
systolic function, such as dilated cardiomyopathy. These
diseases frequently entail diastolic dysfunction as well, and
thus, therapeutically, correction of both should be sought.
Unfortunately, this is no easier for diastolic function than
for systolic function.
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